We evaluated the usefulness of immersion in neutral red solution as a marking technique for studies of movement of the amphipod Corophium volutator. Amphipods were immersed for 20 minutes in solutions of neutral red at different concentrations (25, 50 and 100 mg L
INTRODUCTION
The study of movement of animals requires techniques to follow individuals (Turchin, 1998) . Despite the ubiquity of amphipods, we are aware of only three published marking techniques for these animals. Smith and Present (1983) dyed the food of carnivorous amphipods using a variety of vital stains, which were indirectly incorporated by amphipods through feeding. This technique may not be suitable for deposit or suspension-feeding amphipods because of problems associated with dying small food particles. Knapp and Fong (1999) used a code of colored dots put on the cuticle of large cave amphipods using permanent ink. However, it is difficult to mark smaller amphipods using this technique, and marking a large number of individuals would be labor-intensive. Howard (1985) , in a study of turnover rates of species in seagrass beds, dyed most macroinvertebrates by dissolving neutral red (concentration of 8-10 mg L À1 ) in enclosed areas directly at the field site. A few amphipod species were marked, including Corophium spp. Immersion in neutral red enables one to mark smallsized species as well as a large number of individuals concurrently. Immersion in neutral red has been used in several studies to mark fish (Luo, 1993) , copepods (Anstensrud, 1989) , and entire invertebrate communities (Holmquist, 1998) , with apparently little impact on survival or behavior of organisms.
Corophium volutator (Pallas, 1766) is a burrowing amphipod (1-12 mm in body length) that inhabits intertidal mudflats of the upper Bay of Fundy, southeastern Canada, at densities of up to 60, 000 individuals m À2 (Murdoch et al., 1986) . C. volutator can either swim in the water column at high tide (Hughes, 1988) , or crawl on the surface of the mud at low tide (Forbes et al., 1996) . It is an important food source for many fish species (McCurdy et al., 2005) and migratory shorebirds (Hicklin and Smith, 1984) . Despite the ecological importance of C. volutator, detailed information on movement patterns are not available, and the factors affecting its movement remain largely unstudied. To enhance our understanding of population dynamics in C. volutator, a reliable marking technique would help.
The objective of this study was to evaluate the usefulness of immersion in neutral red as a staining technique for mass mark-recapture experiments with C. volutator. Specifically, we evaluated the effect of neutral red concentration on marking success and survival of C. volutator and the effect of the staining technique on movement of C. volutator.
METHODS
The study was conducted in June-July 2005 on the intertidal mudflat Peck's Cove (at a distance of 150-200 m from shore) in the upper Bay of Fundy, New Brunswick, Canada. We used adult C. volutator (6-10 mm in length from rostrum to telson) collected in the field by stirring mud in seawater and sieving through a 500-lm mesh screen.
Effect of Neutral Red Concentration on Marking
Success and Survival of C. volutator
Amphipods were stained, released in enclosures on the mudflat, and collected after a few days. Stain solutions were prepared by dissolving neutral red powder in artificial seawater (Instant OceanÒ at 20 ppt) to obtain four concentrations: 0, 25, 50 and 100 mg L À1 . Groups of 20 amphipods were immersed for 20 minutes in plastic cups filled with 250 ml of neutral red solution at the different concentrations. These groups were then released in enclosures consisting of 350 ml plastic cups (11 cm high) filled with 7 cm of defaunated mud. The mud was defaunated using a 1-mm sieve, which removed all adult C. volutator and most other macroorganisms. The side of enclosures had slits covered by 620-lm mesh, and the top had a 1-mm mesh cover, to allow water drainage and prevent movement of organisms. Twelve cups for each of the 4 dye concentrations were deployed on June 9, and 4 cups for each concentration were collected after 1, 4 and 7 days. On collection day, cup contents were sieved through a 250-lm sieve, and amphipods were immediately transferred to jars containing artificial seawater (Instant OceanÒ at 20 ppt). In laboratory, stained amphipods and live amphipods were counted under dissecting microscope. Virtually all amphipods recovered alive were stained after 1 and 4 days; so, a statistical analysis on the proportion still stained was not performed and only raw data are presented. The proportion of amphipods recovered alive was analyzed by two-way ANOVA with fixed factors ''Concentration of neutral red'' (0, 25, 50 and 100 mg L À1 ) and ''Time after staining'' (1, 4 and 7 days). Multiple comparisons were made using Tukey's test.
To further evaluate marking success, amphipods marked in different concentrations of neutral red were examined by an observer who was unaware of their provenance to assess whether the animals were stained or not. This was done for amphipods collected 4 and 7 days after staining with 40 individuals on each day.
Effect of Staining on Movement of C. volutator
We compared the tendency of stained and unstained amphipods to move in a field enclosure experiment. Enclosures consisted of 20-cm diameter buckets with the bottom removed, the top covered by mesh (170 lm) and the side with mesh-covered slits to allow water drainage and prevent amphipod escape. The buckets were partly sunk on the mudflat, and the mud contained inside was removed and replaced by defaunated mud (using a 1-mm sieve). In the middle of each enclosure, a 7.5-cm diameter PVC pipe (7 cm long) was sunk into the mud until the top was level with the surface. On July 2, we placed 15 amphipods in the pipe, i.e. the release area, in the middle of each enclosure. A total of 30 experimental units were deployed; 15 using unstained amphipods and the other 15 using stained amphipods (20 minutes immersion in 50 mg L À1 neutral red solution). A cover was placed over the pipes for 24 h to prevent movement of experimental amphipods triggered by recent disturbance. The experiment started when the covers were removed from the pipes. Two days later, the mud in the release areas (pipes) and in the rest of the enclosures was collected and sieved (250-lm sieve) separately, and the numbers of C. volutator in each area counted. For each replicate, we calculated: 1) the proportion of amphipods recovered within the whole enclosure (total number recovered divided by number initially released), and 2) the proportion of amphipods that departed from the release area (number of amphipods recaptured outside the release area divided by the total number recovered). These proportions were analyzed using t-tests to evaluate the effect of staining on: 1) recapture rate, and 2) tendency to move. We then conducted a power analysis to assess the power of our experimental design.
RESULTS AND DISCUSSION

Effect of Neutral Red Concentration on Marking Success and Survival of C. volutator
Following 20-minute immersion in neutral red solution, amphipods had incorporated dye into their entire body. Color intensity was visibly lower in the 25 mg L À1 treatment. After 1 day, all amphipods were stained (with the exception of one individual from the 25 mg L À1 treatment, Table 1 ). Color had disappeared from the legs, head and antennas but the dorsal part of the pleon and thorax were vividly stained. After 4 days, all individuals were still stained. Color had disappeared from the exoskeleton but the hepatopancreas had retained a color ranging from pink (in the 25 mg L À1 treatment) to light red (in the 50 and 100 mg L À1 treatments). After 7 days, the proportion of individuals retaining the stain increased with increasing concentration of neutral red; color had faded but was still visible on most individuals with the hepatopancreas slightly but distinctively stained. Of the individuals examined by an observer unaware of their provenance, all 40 were judged correctly after 4 days, and 39 out of 40 after 7 days (one individual from the 25 mg L À1 concentration treatment was declared unstained).
Overall survival was high with 93% of 960 individuals recovered alive (Fig. 1) . The effect of neutral red concentration on survival of C. volutator was consistent over time (interaction between concentration and time: F 6,36 ¼ 1.4, P ¼ 0.24). Furthermore, the proportion of surviving individuals was similar after 1, 4 and 7 days (F 2,36 ¼ 0.73, P ¼ 0.49). However, a significant effect of concentration of neutral red was detected (F 3,36 ¼ 6.88, P ¼ 0.0009). Surprisingly, survival was higher in the 25 mg L À1 treatment than in the control treatment (Fig. 1) . No difference in survival was detected between the 50 mg L À1 treatment and the control or 25 mg L À1 treatments. Survival in the 100 mg L À1 treatment was similar to the control treatment but lower than the 25 or 50 mg L À1 treatments. Overall, a neutral red concentration of 50 mg L À1 is best, since there was little increase in the color intensity at a concentration of 100 mg L À1 compared to 50 mg L À1 . Furthermore, survival of amphipods was slightly lower at the highest concentration of 100 mg L À1 .
Effect of Staining on Movement of C. volutator
The proportion of amphipods recovered within the whole enclosure (release area þ rest of the enclosure) after 2 days was similar for stained (0.67 6 0.26, mean 6 SD, n ¼ 15) and unstained (0.57 6 0.23) individuals (t 28 ¼ 1.09, P ¼ 0.28). Furthermore, the proportion of amphipods that departed from the release area was not significantly different between the stained (0.48 6 0.24) and unstained (0.59 6 0.17) treatments (t 28 ¼ 1.37, P ¼ 0.18). This non-significant difference may be a consequence of high variability, or there may actually be no effect of the staining procedure on tendency to move. We observed a difference of 0.11 in the mean proportion departing from the release area between the two treatments. We believe that our design was powerful enough to detect a biologically meaningful difference on tendency to move since it could detect a relatively small difference of 0.22 with a power of 0.8. However, we must be careful in our interpretation. Firstly, the experiment was conducted in enclosures that might influence behavior of amphipods. We used enclosures because it is impossible to distinguish released unmarked individuals from individuals occurring naturally on the mudflat. Secondly, our design did not permit us to evaluate distances traveled by individuals that departed from the release area. There is a possibility that the technique influences distances and direction that individuals move.
Concluding Remarks
Prior to this study, we made preliminary attempts to mark C. volutator using neutral red, most of which were unsuccessful. These unsuccessful trials lead to useful observations. We initially dissolved neutral red in water collected directly from the field site. This water was heavily loaded with sediments. The stain appeared to be monopolized by the suspended sediment, since there was no sign of color on amphipods. Artificial seawater provided better results. Also, while conducting staining trials outdoors, we noticed that staining was much less efficient when ambient air temperature was relatively cold (less than about 208C). In these trials, only the dorsal part of the pleon was slightly colored. Afterwards, on relatively cold days we used water heated to a temperature of 25-308C and all attempts were successful. Finally, sampling of C. volutator population usually involves preserving sieved samples in ethanol or formaldehyde, and sorting them at a later time. However, we found that preserving stained C. volutator in ethanol made their identification difficult. This is likely because the color is mainly seen on the hepatopancreas, and preservation makes the exoskeleton more opaque. We also found that color was difficult to detect on amphipods that had recently died. For these reasons, identification of marked individuals must be made on live individuals. C. volutator can be maintained alive in sealed jars filled with approximately 100 ml of artificial seawater for up to 6 hours. Therefore, samples have to be processed within that time interval, which can be labor-intensive when a large number is collected on the same day. We developed a reliable technique to stain the amphipod C. volutator using immersion in neutral red solution. At a concentration of 50 mg L À1 , the technique does not influence survival or movement when compared to unstained individuals. This technique should be suitable for short-term experiments on the movement of this species. It may also be useful with other amphipod species or other small crustaceans with transparent exoskeletons. The technique should be particularly useful for very abundant species that form dense benthic aggregations or pelagic swarms.
